This study investigated the effects of spherical silica fillers on the physical and mechanical properties of resin-modified glassionomer cement (RMGIC).
INTRODUCTION
Glass-ionomer cements (GICs) possess certain properties that make them useful as filling materials for restorations.
These properties include fluoride release, chemical bonding and a similar coefficient of thermal expansion to teeth. GICs are, however, brittle and exhibit limited mechanical strength and low wear-resistance1).
To improve the strength of conventional GICs, resin-modified glass-ionomer cements (RMGICs) have been developed2).
The mechanical properties of RMGIC (containing compomer) are superior to those of conventional GIC3,4). The weak organic-salt matrix of GIC is strengthened by modification of the resin as in methacrylate modified systems.
However, such resin-modified cements have decreased fluoride release and caries resistance5).
To improve cement strength and wear-resistance, McLean, Gasser and Simmons added metals to the powder component of GIC1,6). Kobayashi properties and microstructural properties of GIC8,9). However, the use of spherical silica filler in RMGIC has not been reported in spite of its great potential to increase the flowability of GICs.
Therefore, in this study, the effect of spherical silica fillers on the properties of RMGIC was evaluated.
The hypothesis to be tested was that the addition of spherical silica filler would significantly increase the workability, physical properties and mechanical properties of RMGIC. Table 2 .
MATERIALS AND METHODS

Materials
There was no significant difference among the regression lines of the SF5, SF10 and SF20, between the regression lines of the original RMGIC and SF20, also between the regression lines of the original RMGIC and UF5. The correlation between consistency and compressive strength is presented in Fig. 5 . The regression analysis of the correlation gave linear results (r= -0 .81 or more and p<0.05 or less). The gradient of the original RMGIC was-2.08.
The gradient of the SF5, SF10 and SF20 were-4.50, -4.88 and -7.79, while those of UF5, UF10 and UF20 were -2.71, -2 .94 and -4.00, respectively. The comparison of the regression analysis of the correlation between consistency and compressive strength is shown in Table 3 . With the exception of RMGIC and UF10 (p>0.05), the regression analysis of the correlation the surface of the silica plate did not differ significantly (Fig. 2) . Therefore, it is suggested that immersion in distilled water and in the liquid of the RMGIC, which contained polyacrylic acid, for 2 hours did not affect the attachment of the silane coupling agent to the treated silica surface.
As mentioned, the light-curing process polymerizes the monomers in the liquid of the RMGIC. However, the polymerization is seldom complete and residual or unpolymerized free monomer molecules can leach out and cause an allergy or have harmful effects6,17) 1.
Increasing the P/L will reduce the amount of liquid used and so reduce the release of free monomers from the filling materials.
It was reported that increasing the P/L leads to a decrease in consistency and an increase in the spatulation force required to adequately mixing the cementitious mass18,19). This condition was also observed in the present experiment.
The addition of 10 wt% UF or 20wt% SF raised the consistency of RMGIC, making it possible to use a P/L of up to 4.8. This gave a mixture with about the same consistency as the original RMGIC. Specifically, the addition of silica filler to RMGIC powder will extend the workability of the material.
The addition of UF or SF influenced the correlation of P/L with consistency, as marked by a shift in the gradient of the regression line (Fig. 3) .
The gradient of SF-added RMGIC and that of UF-added RMGIC was less than the gradient of original RMGIC, which means that the rate of decrease in consistency caused by the increase in P/L was less in the cements containing SF and UF. However, the difference was not significant between the RMGICs with SF5 and SF10, UF10 and UF20, or with SF5 and UF5. Since the amount of hydrophobic SF was small and the filler was scattered throughout the matrix powder, it is assumed that the difference between 5 and 10wt% is too small to significantly influence the consistency of the RMGIC. It can also be assumed that at 5wt%, the hydrophilic-hydrophobic characteristics of the filler do not play a distinct role. This might explain the lower level of significance in the correlation between consistency and compressive strength.
In contrast, it is assumed that at more than 10wt%, UF would act as an impurity and not influence the rate of decrease in consistency caused by the increase in P/L.
The addition of UF or SF also influenced the correlation between P/L and compressive strength (Fig.  4) . The gradient of SF-added RMGIC was 1.49-1.64 times, and that of UF-added RMGIC almost the same as (1.00-1.15 times) the gradient of original RMGIC. It is showed that the rate of increase in compressive strength caused by the increase of P/L was greater in the cement containing SF than in the original or UF-added RMGIC. Yet, silanization of the filler had a marked effect, as shown by the significant difference between the addition of SF and UF at the same amount of filler (p<0.001).
The decrease in consistency that follows the increase in P/L also leads to a change in mechanical properties. Fig. 5 and Table 3 show that the addition of UF or SF significantly influences the correlation between consistency and compressive strength, as marked by a shift in the gradient of the regression line. The gradients for SF-added RMGIC were 2.25-3.75 times greater than that of the cement without filler, while the gradient of UF-added RMGIC was increased 1.30-1.92 fold. It is suggested that the decrease in consistency and increase in compressive strength occurred more rapidly in the preparation with SF than in the UF-added or original RMGIC.
The gradients of the correlation between consistency and compressive strength in the RMGICs (Fig.  5) were also interrelated with the addition of the filler, as shown in Fig. 7 . Yet, the correlation for UF-added RMGIC (r=-0.99, p<0.01) is a little more distinctive than that for. SF-added RMGIC (r=-0.98, p<0.05) and there is significant difference between the two values (p<0.05). The gradient of the correlation in SF-added RMGIC has a larger negative value than that in UF-added RMGIC, indicating that due to silane pretreatment, which changes the characteristics of the spherical silica fillers, the addition of SF influenced the RMGIC more than the addition of UF. Fig. 5 showed that the addition of UF at up to 5 wt% and SF at up to 20wt% increased the compressive strength remarkably at a similar low consistency.
Consequently, in order to examine more characteristics of cement to which spherical silica filler was added, the maximum P/L that could be mixed in the dental clinic was chosen for DTS and flexural strength measurements. This maximum P/L also gave a similar consistency to the original RMGIC mixed at P/L 4.0. The addition of UF to 5 wt% increased the compressive and flexural strength. However, at more than 5wt%, UF addition reduced the cement's strength, because the filler became an impurity that did not bond to the matrix of the RMGIC. The opposite effect was observed with the addition of SF. Since the fillers were silane-treated, their ability to bond to the matrix was improved and the addition of SF at up to 20wt% increased the compressive strength and DTS significantly, as well as increased the flexural strength. More significant evidence is provided by the SEM observations of the fractured surface of the specimens (Fig. 6) . It was found that the interfacial bonding between UF and the matrix of RMGIC was due to mechanical bonding, while that between SF and the matrix was due to chemical bonding as a result of silanization.
It was reported that flexural strength was more sensitive to changes in material substructure than compressive strength9, 19, 20) However, in this experiment, the DTS test was more sensitive for EFFECT OF SILICA FILLER ON RMGIC PROPERTIES distinguishing the effect of UF and SF. The DTS values also showed that the increase in strength is more dependent on the chemical reaction than the morphology of the fillers.
As the compressive strength increased, the flexural strength and DTS also tended to increase, although the results of the regression analysis of the correlation were not significant. This correlation should be examined more closely.
Another factor that may influence mechanical properties is the uptake of water. UF did not reduce the water uptake of RMGIC significantly, while SF did (up to 33%). The hydrophobic characteristic of SF might influence surface and grain boundary diffusion21), then increase the resistance of the cement to water uptake.
In the next study, it is necessary to investigate the ability to bond tooth tissue, the setting shrinkage and more characteristics of RMGIC containing spherical silica filler.
CONCLUSION
The addition of spherical silica fillers to RMGIC powder improves the workability of the material. At up to 20wt% spherical silica filler, there is a significant linear correlation among the filler amount, consistency and compressive strength of the RMGIC.
The silanized spherical silica fillers increased the compressive strength, diametral tensile strength and flexural strength, and reduced the water uptake of the RMGIC. The silanized spherical silica filler also improved the mechanical properties of the cement more than the untreated spherical silica filler.
